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(57) A moisture-proof film (10) includes a moisture-
proof part (12) formed on a surface of a film body (11).
The moisture-proof part (12) includes a first layer (11a)
made of a silicon oxycarbonitride compound containing
carbon atoms in a composition thereof, and a second
layer (11b) made of a silicon oxynitride compound which,
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in a composition thereof, contains carbon atoms less than
those of the first layer (11a) or does not contain carbon
atoms, and having a density higher than that of the first
layer (11a). The first and second layers (11a, 11b) are
stacked adjoining each other. The first layer (11a) has a
density increasing toward the second layer (11b).
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EP 2 500 167 A1
Description
TECHNICAL FIELD

[0001] The presentinvention relates to a moisture-proof film having excellent moisture-proof properties, a method for
manufacturing the moisture-proof film, and an organic electronic device including the moisture-proof film.

BACKGROUND ART

[0002] As a film for packaging, e.g., food, medical products, or industrial products, a moisture-proof film has been
known, in which a moisture-proof part made of, e.g., silicon oxide or aluminum oxide is formed on a film body made of
resin. In recent years, increasing attention has been drawn to the moisture-proof film used for other purposes such as
a support base of an electronic device, e.g., liquid crystal display devices, organic EL devices, solar batteries, and touch
panels.

[0003] Patent Document 1 discloses a configuration of a moisture-proof film in which a stack of an inorganic oxide
layer and a silicon oxycarbonitride layer is provided on at least one of surfaces of a base film, and also discloses that
excellent moisture-heat resistance can be obtained by such a configuration.

CITATION LIST
PATENT DOCUMENT
[0004]
PATENT DOCUMENT 1: Japanese Patent Publication No. 2006-297730
SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0005] However, the moisture-proof film having the configuration described in Patent Document 1 has a limit of about
0.1 g/m2-day to which a water vapor transmission rate can be suppressed. This is because of the following reason. Since
a great change in density and composition occurs at an interface between the inorganic oxide layer and the silicon
oxycarbonitride layer, dangling bonds of composition elements react with impurity gas containing hydrogen atoms or
capture (trap) moisture. As aresult, it becomes evitable that the moisture-proof film contains a certain amount of moisture.
[0006] In the case where the moisture-proof film is used as a support base of an organic electronic device such as
organic EL display devices and organic thin film solar batteries, higher moisture-proof performance is required because
functional properties are likely to be degraded due to damage of the organic electronic device caused by moisture.
[0007] Itis an objective of the present invention to provide a moisture-proof film which can be used as a support base
of, e.g., an organic electronic device and has excellent moisture-proof performance.

SOLUTION TO THE PROBLEM

[0008] A moisture-proof film of the present invention includes a film body and a moisture-proof part formed on a surface
of the film body. The moisture-proof part includes a first layer made of a silicon oxycarbonitride compound containing
carbon atoms in a composition thereof, and a second layer made of a silicon oxynitride compound which, in a composition
thereof, contains carbon atoms less than those of the first layer or does not contain carbon atoms, and having a density
higher than that of the first layer. The first and second layers are stacked adjoining each other. The first layer has a
density increasing toward the second layer.

[0009] According to the foregoing configuration, since the first layer has the density increasing toward the second
layer, a great change in density does not occur even at an interface between the first and second layers having different
compositions. Thus, the number of dangling bonds is decreased as compared to that at an interface at which densities
are significantly different from each other, and therefore it is less likely to capture moisture. As a result, high moisture-
proof performance can be exhibited.

[0010] In the moisture-proof film of the present invention, the composition of the first layer may be represented by
SiONC, and the composition of the second layer may be represented by SiON.

[0011] In the moisture-proof film of the present invention, the moisture-proof part is preferably formed by alternately
stacking the first and second layers.
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[0012] In the moisture-proof film of the present invention, the second layer may define an outermost surface of the
moisture-proof part on a side closer to the film body.

[0013] In the moisture-proof film of the present invention, the second layer may define an outermost surface of the
moisture-proof part on a side opposite to the film body.

[0014] Inthe moisture-prooffilm of the presentinvention, the moisture-proof part preferably have a thickness of 1-50 pm.
[0015] In the moisture-proof film of the present invention, the first layer may have a thickness of 0.5-50 pm.

[0016] In the moisture-proof film of the present invention, the second layer may have a thickness of 10-500 nm.
[0017] In the moisture-proof film of the present invention, the first layer may have a carbon content of 1-30 mol%
measured by electron spectroscopy.

[0018] In the moisture-proof film of the present invention, the second layer may have a carbon content of 0-1 mol%
measured by electron spectroscopy.

[0019] In the moisture-proof film of the present invention, the first layer may have a density of 2.3-2.6 g/cms3.

[0020] In the moisture-proof film of the present invention, the second layer may have a density of 2.8-3.1 g/cm3.
[0021] An organic electronic device of the present invention includes the moisture-proof film of the present invention;
and an organic layer provided on the moisture-proof part of the moisture-proof film and provided so as to be sandwiched
between two electrodes.

[0022] Since the organic electronic device having the foregoing configuration includes the moisture-proof film of the
present invention, moisture can be prevented from entering the moisture-proof film from outside. As a result, degradation
of functional properties of the organic electronic device due to moisture reaching the organic layer or the electrode can
be reduced.

[0023] The organic electronic device of the present invention may be an organic electroluminescence display in which
an organic layer is an organic electroluminescence layer.

[0024] A method for manufacturing the moisture-proof film of the present invention includes the steps of forming the
first layer by using plasma chemical vapor deposition; and forming the second layer by using sputtering. In the forming
the first layer, plasma irradiation intensity is stepwisely changed for forming part of the first layer closer to the second
layer, thereby forming the first layer such that a density of the first layer is increased toward the second layer.

ADVANTAGES OF THE INVENTION

[0025] The moisture-proof film of the present invention includes the moisture-proof part having the first layer made of
the silicon oxycarbonitride compound containing carbon atoms in the composition thereof, and the second layer made
of the silicon oxynitride compound which, in the composition thereof, contains carbon atoms less than those of the first
layer or does not contain carbon atoms, and having the density higher than that of the first layer. The first and second
layers are stacked adjoining each other. The first layer has the density increasing toward the second layer. Thus, a great
change in density does not occur even at the interface between the first and second layers having different compositions.
Thus, the number of dangling bonds is decreased as compared to that at the interface at which the densities are
significantly different from each other, and therefore it is less likely to capture moisture. As a result, the high moisture-
proof performance can be exhibited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

[FIG. 1] FIG. 1 is a cross-sectional view of an organic EL display device of an embodiment.

[FIG. 2] FIG. 2 is a cross-sectional view of a moisture-proof film of an example.

[FIG. 3] FIG. 3 is a cross-sectional view of a moisture-proof film of a first comparative example.

[FIG. 4] FIG. 4 is a cross-sectional view of a moisture-proof film of a second comparative example.

[FIG. 5] FIG. 5 is a cross-sectional view of a film of a third comparative example.

[FIG. 6] FIG. 6(a) is a plan view of a sample used for a calcium test. FIG. 6(b) is a cross-sectional view of the sample
used for the calcium test.

[FIG. 7] FIG. 7 is a graph illustrating a change in brightness of an organic EL element including the moisture-proof
film of the example in a brightness test.

[FIG. 8] FIG. 8 is a graph illustrating a change in brightness of an organic EL element including the moisture-proof
film of the second comparative example in the brightness test.

[FIG. 9] FIG. 9 is a graph illustrating the rate of change in brightness of the organic EL element in accordance with
elapsed time.
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DESCRIPTION OF EMBODIMENTS
[0027] An embodiment of the present invention will be described below in detail with reference to drawings.
(Organic EL Display Device)

[0028] FIG. 1 illustrates an organic EL display device D of the present embodiment. The organic EL display device D
is used as, e.g., a display of a mobile phone, a car navigation system, or a color television.

[0029] Theorganic EL display device D has a structure in which an organic EL element is provided on a support base 10.
[0030] The support base 10 is a moisture-proof film in which a moisture-proof part 12 is formed on a surface of a film
body 11. The support base 10 has, e.g., a thickness of 10-300 wm, a vertical length of 50-300 mm, and a horizontal
length of 50-300 mm.

[0031] The film body 11 of the moisture-proof film (support base) 10 is, e.g., a polyethylene terephthalate (PET) resin
film, a polyethylene naphthalate (PEN) resin film, a cycloolefin (COP) resin film, a polyether sulfone (PES) resin film, a
transparent and colorless polyimide (PI) film, or a triacetylcellulose (TAC) film. The film body 11 has, e.g., a thickness
of 10-300 pm.

[0032] The moisture-proof part 12 is formed of a plurality of layers stacked in tiers. The plurality of layers forming the
moisture-proof part 12 include a first layer 12a made of a silicon oxycarbonitride compound which, in a composition
thereof, contains carbon atoms, and a second layer 12b made of a silicon oxynitride compound which, in a composition
thereof, contains carbon atoms less than those of the first layer 12a or does not contain carbon atoms.

[0033] The moisture-proof part 12 is formed by alternately stacking the first layer(s) 12a and the second layer(s) 12b.
The first layer(s) 12a and the second layer(s) 12b are preferably stacked such that the thickness of the moisture-proof
part 12 is about 1-50 um, and, e.g., four first layers 12a and four second layers 12b are alternately stacked one by one.
[0034] The moisture-proof part 12 may be formed of a single first layer 12a and a single second layer 12b. Alternatively,
the moisture-proof part 12 may be formed of the odd number of layers as in, e.g., the case where the moisture-proof
part 12 is formed by stacking a second layer 12b, a first layer 12a, a second layer 12b, a first layer 12a, and a second
layer 12b in this order, or may be formed of the even number of layers as in, e.g., the case where the moisture-proof
part 12 is formed by stacking a second layer 12b, a first layer 12a, a second layer 12b, a first layer 12a, a second layer
12b, and a first layer 12a in this order. As another alternative, the moisture-proof part 12 may be formed such that first
layers 12a or second layers 12b are successively stacked as in, e.g., the case where the moisture-proof part 12 is formed
by stacking a second layer 12b, a first layer 12a, a first layer 12a, and a second layer 12b in this order. As still another
alternative, the moisture-proof part 12 may include a third layer other than the first layer 12a and the second layer 12b.
[0035] The firstlayer 12ais made of, e.g., a silicon oxycarbonitride compound represented by SiONC in a composition
of which carbon is incorporated into an intermediate formed from SiO, and Si;N,. The material forming the first layer
12a preferably has, e.g., a carbon content of 1-30 mol% and more preferably 1-10 mol%. Note that the carbon content
of the first layer 12a can be measured on the order of 0.1 mol% to several mol% by electron spectroscopy such as
electron spectroscopy for chemical analysis (ESCA) or electron probe micro-analysis (EPMA) using an X-ray microana-
lyzer. The first layer 12a preferably has, e.g., a thickness of 0.5-50 p.m. The first layer 12a is formed so as to have a
thickness of equal to or greater than 1 um, thereby ensuring moisture-proof performance of the moisture-proof part 12.
[0036] Since the first layer 12a has the carbon content greater than that of the second layer 12b, the first layer 12a
has a density lower than that of the second layer 12b. The density is not uniform across the first layer 12a, and the first
layer 12a has a density distribution in which the density increases toward the second layer 12b having a density higher
than that of the first layer 12a. For example, if the second layer 12b is positioned only on an upper side of the first layer
12a, the density of the first layer 12a increases from a lower side toward the upper side of the first layer 12a. If the
second layers 12b are respectively positioned on both sides of the first layer 12a, the density of the first layer 12a
decreases from the lower side toward the center of the first layer 12a and increases from the center toward the upper
side of the first layer 12a. If the second layer 12b is positioned only on the lower side of the first layer 12a, the density
of the first layer 12a decreases from the lower side toward the upper side of the first layer 12a. Since the first layer 12a
is configured such that the density thereof is not uniform across the first layer 12a but increases toward the second layer
12b as described above, a great change in density does not occur at an interface between the first layer 12a and the
second layer 12b. A low-density part of the first layer 12a has, e.g., a density of 2.3-2.6 g/cm?3, and a high-density part
of the first layer 12a closer to the second layer 12b has, e.g., a density of 2.6-3.0 g/cm3. Note that the layer density can
be calculated based on results of X-ray intensity profiling measured by an X-ray reflectometer (XRR). In addition, the
density distribution can be estimated based on a change in each film formation condition.

[0037] The second layer 12b is made of, e.g., a silicon oxynitride compound having a composition represented by
SiON. The material forming the second layer 12b has a carbon content lower than that of the first layer 12a. The carbon
content of the second layer 12b is equal to or less than 1 mol%, and it is preferable that the second layer 12b does not
contain carbon. The second layer 12b has greater film stress because of the density thereof higher than that of the first
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layer 12a, and is likely to be separated from the first layer 12a when the second layers 12b has a large thickness. Thus,
the thickness of the second layer 12b is preferably, e.g., 10-500 nm.

[0038] The second layer 12b has the density higher than that of the first layer 12a, and the density thereof is, e.g.,
2.8-3.1 g/cm3. Although the density of the second layer 12b is not necessarily uniform across the entirety of the second
layer 12b, the second layer 12b is not formed so as to have a density distribution similar to that of the first layer 12a.
[0039] The first layer 12a or the second layer 12b of the moisture-proof part 12 may be outermost on a side closer to
the film body 11. However, it is preferable that the second layer 12b is outermost on the side closer to the film body 11
in order to increase adhesion strength to the film body 11.

[0040] The first layer 12a or the second layer 12b of the moisture-proof part 12 may be outermost on a side opposite
to the film body 11. However, it is preferable that the second layer 12b having a higher density is outermost on the side
opposite to the film body 11 in order to ensure the strength of the moisture-proof film 10 at a surface thereof. In addition,
it is preferable that the second layer 12b made of an organic compound is outermost on the side opposite to the film
body 11 considering compatibility with a material (e.g., an ITO electrode) formed on the surface of the moisture-proof
film 10.

[0041] According to the moisture-proof film 10 having the foregoing configuration, since the first layer 12a has the
density increasing toward the second layer 12b, a great change in density does not occur at the interface between the
first layer 12a and the second layer 12b which have different compositions. Thus, the number of dangling bonds is
decreased as compared to the case where a great change in density occurs at the interface between the first layer 12a
and the second layer 12b. The larger number of dangling bonds at the interface results in capturing (trapping) of more
moisture, and the captured moisture passes through pinholes formed in the moisture-proof part 12 and permeates the
moisture-proof part 12. However, since the moisture-proof film 10 having the foregoing configuration has the small
number of dangling bonds at the interface in the moisture-proof part 12, the excellent moisture-proof performance can
be exhibited.

[0042] Although it has been described that the moisture-proof part 12 is formed on one of the surfaces of the film body
11, the moisture-proof part 12 may be formed on each of the surfaces of the film body 11.

[0043] The organic EL element has a structure in which afirst electrode 13, an organic layer 14, and a second electrode
15 which are formed by performing pattern formation are stacked in this order on the surface of the support base.
[0044] The first electrode 13 is made of a conductive material and is provided corresponding to each of pixels on the
support base. The first electrode 13 has a function to inject holes (positive holes) into the organic layer 14. The first
electrode 13 is made of a conductive material such as indium tin oxide (ITO) or indium zinc oxide (1ZO). The first electrode
13 has, e.g., a thickness of 50-150 nm.

[0045] The organic layer 14 has a structure in which a positive hole injection layer, a positive hole transporting layer,
a light emitting layer, an electron transporting layer, and an electron injection layer are stacked in this order from a side
closer to the first electrode 13. Note that the positive hole injection layer, the positive hole transporting layer, the electron
transporting layer, and the electron injection layer are not essential, and such layers are formed as necessary.

[0046] The positive hole injection layer has a function to enhance efficiency of injecting positive holes to the light
emitting layer, and the positive hole transporting layer has a function to enhance efficiency of transporting positive holes
to the light emitting layer. For example, copper phthalocyanine (CuPc) or 4,4’-Bis[N-(1-naphtyl)-N-phenylamino]biphenyl
(0-NPD) may be used as the material of the positive hole injection layer and the positive hole transporting layer. The
positive hole injection layer and the positive hole transporting layer may be separately formed or may be integrally
formed. In the latter case, the total thickness of the positive hole injection layer and the positive hole transporting layer
is, e.g., 10-100 nm.

[0047] The light emitting layer has a function to emit light by recombining holes (positive holes) injected from the first
electrode 13 with electrons injected from the second electrode 15. A material having high light emitting efficiency, such
as a carbazole derivative of 4,4’-Bis(carbazole-9-yl)-biphenyl (CBP) or a triazole derivative of 2,4-triazole (TAZ), may
be used as the material of the light emitting layer. The light emitting layer has, e.g., a thickness of 30-100 nm.

[0048] The electron transporting layer has a function to enhance efficiency of transporting electrons from the second
electrode 15 to the light emitting layer, and the electron injection layer has a function to enhance efficiency of injecting
electrons from the second electrode 15 to the light emitting layer. For example, Tris(8-quinolinyloxy) aluminum (Alg3)
or 3-phenyl-4-(1’-naphthyl)-phenyl-5-phenyl-1,2,4-triazole (TAZ) may be used as the material of the electron transporting
layer and the electron injection layer. The electron transporting layer and the electron injection layer may be separately
formed or may be integrally formed. In the latter case, the total thickness of the electron transporting layer and the
electron injection layer is, e.g., 10-100 nm.

[0049] The second electrode 15 has a function to inject electrons to the organic layer 14. For example, a magnesium
alloy (e.g., MgAg) or an aluminum alloy (e.g., AlLi, AlCa, or AIMg) may be used as the material of the second electrode
15. The second electrode 15 has, e.g., a thickness of 50-100 nm.

[0050] A protective film (not shown in the figure) may be formed so as to cover the second electrode 15. The protective
film is made of an insulating or conductive material and has, e.g., a thickness of 100-1000 nm. The protective film has
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a function to prevent water or oxygen from entering the organic layer 14.

[0051] Note that the organic EL element provided on the support base 10 is sealed by a sealing base material (not
shown in the figure) in inert gas atmosphere.

[0052] In the organic EL display device D having the foregoing configuration, a predetermined image is displayed
using all of the pixels by the following steps. When a TFT is turned on in each of the pixels, holes (positive holes) are
injected from the first electrode 13 to the organic layer 14, and electrons are injected from the second electrode 15 to
the organic layer 14. Then, the holes and the electrons are recombined with each other in the light emitting layer, and
a light emitting material of the light emitting layer is excited by energy released by the recombination. The excited light
emitting material emits fluorescent light or phosphorescent light when returning to a ground state from an excited state,
and such fluorescent light or phosphorescent light is output to outside as light emitted from the organic layer 14. In the
foregoing manner, the predetermined image is displayed using all of the pixels.

[0053] In the organic EL display device D having the foregoing configuration, since the moisture-proof film used as
the support base 10 has the excellent moisture-proof performance, the amount of moisture entering a space sealed by
the moisture-proof film 10 and sealing glass is reduced. As a result, damage of the electrode or the organic layer 14
due to the moisture is reduced, thereby obtaining excellent light emitting properties.

[0054] In the present embodiment, the first electrode 13 serves as an anode electrode, and the second electrode 15
serves as a cathode electrode. However, the organic EL element may have an inverted structure in which a first electrode
serves as a cathode electrode and a second electrode serves as an anode electrode. In such a case, electrons are
injected from the first electrode to the organic layer 14, and holes are injected from the second electrode to the organic
layer 14. Then, the electrons and the holes are recombined with each other, and the organic layer 14 emits light. In such
a manner, a predetermined image is displayed using all of the pixels.

[0055] In the present embodiment, the bottom emission type structure in which light exits from a side closer to the
support base 10 is employed. However, a top emission type structure in which light exits from a side opposite to a support
base may be employed. In such a case, a first electrode may be made of a reflective material such as aluminum or a
silver alloy (e.g., APC), and a second electrode may be made of a light transmissive material having, e.g., a thickness
of 10-30 nm.

(Method for Manufacturing Moisture-Proof Film)

[0056] Next, a method for manufacturing a moisture-proof film 10 will be described.

[0057] First, a CVD device including a reaction chamber and a deposition chamber is prepared, and a first layer 12a
is formed on a surface of a film body 11 by plasma CVD. At this point, the film body 11 is placed in a predetermined
position of the deposition chamber. In addition, an inside of the deposition chamber is adjusted to be in atmosphere
having pressure of about 103 Pa.

[0058] Subsequently, hexamethyldisilazane (HMDS) is used as raw material gas and is decomposed by heat of, e.g.,
75-125°C in the reaction chamber.

[0059] Next, the gas obtained by the heat decomposition is introduced into the deposition chamber. At this point, a
gas flow rate is controlled to, e.g., 1-20 cm3/min by a mass flow controller. Then, while supplying, e.g., Ar gas of about
10 cm3/min and O2 gas of about 5 cm3/min to the deposition chamber, gas plasma is generated at an output of, e.g.,
200 W by using a high frequency power supply, and a process for forming a SIONC film is performed for about 10 minutes
or more. At this point, the film body 11 is heated to, e.g., equal to or higher than 100°C, thereby preventing the presence
of moisture in the film during the film formation process.

[0060] After the film formation process is performed at the plasma output of 200 W for about 10 minutes, the plasma
output is stepwisely increased to increase the density of the film which is being formed. At this point, the plasma output
isincreased by, e.g., 100 W at every one-minute step, and, when the plasma output reaches about 1kW, the film formation
process is performed for about 2 minutes in such a state. As this point, the first layer 12a is formed.

[0061] Although it has been described that the plasma output is changed in the stepwise manner, the plasma output
may be linearly changed. In addition, although the plasma output is changed by 100 W at every step, a smaller change
in plasma output at every one-minute step, i.e., the greater number of steps, results in a continuous change in film density.
[0062] Next, a second layer 12b is formed on the first layer 12a. The second layer 12b is formed by high frequency
sputtering. For the sputtering, a sputtering device using, e.g., SiON, SiO,, or Si;N, as a target may be used. Then, e.g.,
Ar gas of about 10 cm3/min and O, gas of about 5 cm3/min are introduced into the sputtering device, and the sputtering
is performed. As a result, a SiON film is formed. The SiON film is formed so as to have a thickness of, e.g., about 50 nm.
[0063] Subsequently, another first layer 12a is formed on the second layer 12b by the plasma CVD. At this point, the
second layer 12b is positioned below the first layer 12a. Thus, after the plasma output is stepwisely changed from a
higher level to a lower level, the plasma output is increased again, thereby continuously changing the film density.
Specifically, after the plasma output is changed to about 1kW and the film formation process is performed for about 2
minutes, the plasma output is decreased by about 100 W at every one-minute step. When the plasma output reaches
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about 200 W, the film formation process is performed for about 10 minutes in such a state. Then, the plasma output is
increased by 100 W at every one-minute step again. When the plasma output reaches about 1 kW, the film formation
process is performed for about 2 minutes in such a state. As this point, the first layer 12a is formed. Note that conditions
other than the way to change the plasma output are the same as those of the first layer 12a which has been initially formed.
[0064] Next, in the similar manner as described regarding the second layer 12b, another second layer 12b is formed
on the first layer 12a.

[0065] The steps for forming the first layer 12a and the second layer 12b are repeated to form a moisture-proof part
12, followed by forming a moisture-proof film 10. Although it has been described that the formation of the first layer 12a
is first performed, the second layer 12b may be first formed.

[0066] The moisture-proof film 10 can be used as, e.g., the support base 10 of the organic EL display device D
described above. As the method for manufacturing the organic EL display device D, conventional well-known methods
such as a roll-to-roll method can be employed other than the method using the moisture-proof film 10 of the present
invention.

[Test and Evaluation]
[0067] Moisture-proof films and a film according to an example and first to third comparative examples were prepared.
Example

[0068] According to the method for manufacturing the moisture-proof film 10 in the present embodiment, a moisture-
proof part 22 in which a second layer 22b, a first layer 22a, and a second layer 22b are stacked in this order was formed
on a transparent polyimide film 21 (manufactured by Mitsubishi Gas Chemical Company, Inc., named "Neopulim," and
having a heatproof temperature of equal to or higher than 150°C), thereby forming a moisture-proof film of the example
(see FIG. 2). Note that the first layer 22a of the example is made of SIONC having a carbon content distributed within
arange of 0.1-5 mol%, and has a density distributed within a range of 2.4-2.6 g/cm3 and a thickness of 1 wm. In addition,
each of the second layers 22b is made of SiON which does not contain carbon, and has a density of 3.1 g/cm3 and a
thickness of 50 nm.

First Comparative Example

[0069] A SiON film 32 having a thickness of 50 nm and a density of 3.1 g/lcm3is formed on a film 31 made of polyethylene
naphthalate and having a thickness of 0.1 mm, by RF sputtering. In such a manner, a moisture-proof film of a first
comparative example is formed (see FIG. 3).

Second Comparative Example

[0070] A SiON film 41b having a thickness of 50 nm and a density of 3.1 g/cm3 is formed on a film 41 made of the
same polyethylene naphthalate as that of the first comparative example, by RF sputtering. Then, hexamethyldisilazane
(HMDS) is used to form a SiONC film 41a having a thickness of 1 wm and a density of 2.6 g/cm3, by plasma CVD.
Subsequently, another SiON film 41b having a thickness of 50 nm and a density of 3.1 g/cm3 is formed by the RF
sputtering, thereby forming a moisture-proof film of a second comparative example. Note that, in the plasma CVD,
plasma is generated at a uniform output intensity (see FIG. 4).

Third Comparative Example

[0071] A film 51 made of the same polyethylene naphthalate as that of the first comparative example is used as a film
of a third comparative example (see FIG. 5).

<Water Vapor Transmission Test (MOCON Method)>

[0072] For the moisture-proof films and the film of the first to third comparative examples, a visible light transmission
rate, an oxygen transmission rate, and a water vapor transmission rate were measured. The water vapor transmission
rate was measured according to JIS-K 7129 in atmosphere having a relative humidity of 90% at 40°C.

(Results)

[0073] Results of the water vapor transmission test are shown in Table 1.
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[0074]
[Table 1]
First Comparative Second Comparative Third Comparative
Example Example Example
Visible Light 89.8 88.8 90.4
Transmission Rate (%)
Oxygen Transmission 0.22 0.11 7.2
Rate (ml/m2-day-MPa)
Water Vapor 0.02 or Lower 0.04 1.73
Transmission Rate
(g/m2-day)

[0075] According to Table 1, the moisture-proof films of the first and second comparative examples each formed with
the moisture-proof part exhibited higher barrier performance against oxygen and moisture as compared to the film of
the third comparative example formed without a moisture-proof part.

[0076] In comparison between the moisture-proof film of the first comparative example formed with the moisture-proof
part having the single layer and the moisture-proof film of the second comparative example formed with the moisture-
proof part having the multiple layers, the moisture-proof film of the second comparative example exhibited higher barrier
performance against both of oxygen and moisture. However, according to Table 1, the results of the oxygen transmission
rate show that the moisture-proof film of the second comparative example exhibits higher barrier performance, whereas
the results of the water vapor transmission rate show that the barrier performance of the moisture-proof film of the second
comparative example is degraded.

[0077] This is because the moisture-proof part of the moisture-proof film of the second comparative example has the
multiple layers and therefore moisture trapped at an interface between adjacent ones of the multiple layers permeates
the moisture-proof film.

<Calcium Test>

[0078] Although, e.g., the water vapor transmission test (MOCON method) according to JIS-K 7129 has been known
as a test for evaluating water vapor permeability, a calcium test described below is effective as a test for evaluating
permeability to a slight amount of water vapor. The calcium test is a method by which, after reflectivity of a thin calcium
film is measured, the amount of water vapor around the thin calcium film is calculated based on a relationship between
a change in reflectivity and a calcium oxidation rate. A water vapor transmission rate (WVTR) was calculated for each
of the water-proof films of the example and the second comparative example by performing the calcium test.

(Sample Preparation)

[0079] A sample used for the calcium test is illustrated in FIG. 6.

[0080] First, a notch formed in a rectangular parallelepiped shape of 20 mm on each side with a depth of 0.3 mm was
provided in a center part of a glass substrate 61 (manufactured by Coming Incorporated, named "corning 1737 glass,"
and having a light transmittance of equal to or higher than 80% in a visible range (A = 450-800 nm)) of 100 mm on each
side with a thickness of 0.7 mm. Calcium was deposited on a square region of 100 mm on each side in a center part of
the notch by vacuum deposition.

[0081] Subsequently, epoxy resin 62 was applied to a thickness of 50 wm in a circumferential part of the glass substrate
61, and a moisture-proof part 63 which is a target to be measured was adhered to the epoxy resin 62 such that a water-
proof part 63a faces the thin calcium film.

[0082] The sample was prepared in atmosphere having a low moisture concentration and a low oxygen concentration
(both of the concentrations are equal to or lower than 10 ppm).

[0083] As reference data, measurement was also performed for a film for which a water vapor transmission rate was
already obtained and which was formed without a moisture-proof part.

(Measurement Method)

[0084] Each of the samples for the calcium test was left in atmosphere, and the reflectivity of the thin calcium film was
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measured upon each elapse of a predetermined time. Note that the reflectivity of the thin calcium film was obtained as
follows. Part of the sample was positioned under an optical microscope. A reflection image of such a part of the sample
was used to measure reflectivity in a visible range (A = 450-700 nm) by using a spectrometer (MCPD-2000 manufactured
by Otsuka Electronics Co., Ltd.), thereby calculating an average value. In such a manner, the reflectivity of the thin
calcium film was obtained.

[0085] Next, the amount of moisture used for an oxidation reaction was calculated from an equation Ca + 2H,0 —
Ca(OH), + H, representing the oxidation reaction of calcium, supposing that the amount of decrease in reflectivity is
equivalent to the amount of oxidized calcium. The amount of moisture which passes through the epoxy resin having a
predetermined area and a predetermined thickness (50 pm in this measurement) from an end part of the sample and
which enters the notch is already obtained. Thus, the amount of moisture used for the oxidation reaction was subtracted
from the amount of moisture entering the notch through the epoxy resin, thereby calculating the amount of moisture
entering the notch through the moisture-proof film.

[0086] Finally, the water vapor transmission rate of each of the moisture-proof films of the example and the second
comparative example was calculated from the amount of moisture entering the notch through the moisture-proof film
considering a relationship between a measurement result and the water vapor transmission rate in the reference data.

(Results)

[0087] Results, i.e., the water vapor transmission rates, are shown in Table 2.

[0088]
[Table 2]
Example Second Comparative Example | Reference Data
Film Opening Area (cm?) 4.0 4.0 4.0
Water Vapor Transmission Rate WVTR 6.72 X 103 3.59 x 102 2.01
(g/m2-day)

[0089] According to Table 2, the water vapor transmission rate of the example is about 0.007 g/m? - day, whereas the
water vapor transmission rate of the second comparative example is about 0.036 g/m? - day. The results show that
excellent moisture-proof performance was exhibited in the moisture-proof film of the example including the moisture-
proof part in which the first layer of the moisture-proof part has the density increasing toward the second layer.

<Brightness Test>

[0090] A test for evaluating brightness of light emitted from each of organic EL elements respectively including the
moisture-proof films of the example and the second comparative example was performed.

(Sample Preparation)

[0091] Each of the moisture-proof films of the example and the second comparative example was used to form the
organic EL element. A configuration of the organic EL element is as follows.

[0092] First, an IZO film (thickness of 150 nm) was formed on the moisture-proof film as a first electrode. Then, an o-
NPD film (thickness of 50 nm), an Alg3 film (thickness of 50 nm), and an LiF film (thickness of 5 nm) were stacked in
this order as organic layers. Finally, an Al film (thickness of 200 nm) was formed as a second electrode. In atmosphere
in which each of an oxygen concentration and a moisture concentration was controlled to equal to or lower than 10 ppm,
the foregoing films were sealed in glass substrates by using epoxy resin as an adhesive. In such a manner, a sample
of the organic EL element was formed.

(Measurement Method)

[0093] For the organic EL elements respectively including the moisture-proof films of the example and the second
comparative example, the brightness of light emitted when a predetermined magnitude of voltage is applied was measured
at a room temperature (25°C) and a relative humidity of 50%. In addition, the measurement was also performed after a
predetermined period of time was elapsed from a start of light emission from the organic EL element.
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(Results)

[0094] Results of the measurement are shown in FIGS. 7 and 8. In addition, the rate of change in brightness in
accordance with the elapsed time when the predetermined voltage (20 V in the example and 15 V in the second com-
parative example) is illustrated in FIG. 9.

[0095] According to FIGS. 7-9, the organic EL element including the moisture-proof film of the example has equal to
or greater than 80% of brightness at the start of light emission even after the lapse of 5 hours from the start of light
emission. On the other hand, the organic EL element including the moisture-proof film of the second comparative example
has equal to or less than 20% of the brightness at the start of light emission after the lapse of 5 hours from the start of
light emission. This shows that an organic EL element including a moisture-proof film having excellent moisture-proof
properties exhibits excellent light emitting properties.

INDUSTRIAL APPLICABILITY

[0096] The presentinvention is useful for the moisture-proof film having excellent moisture-proof properties, the method
for manufacturing the moisture-proof film, and the organic electronic device including the moisture-proof film.

DESCRIPTION OF REFERENCE CHARACTERS
[0097]

D Organic EL Display Device (Organic Electronic Device)
10 Moisture-Proof Film (Support Base)

11 Film Body

12 Moisture-Proof Part

12a  First Layer

12b  Second Layer

13 First Electrode

14 Organic Layer

15 Second Electrode

Claims
1. A moisture-proof film, comprising:

a film body; and

a moisture-proof part formed on a surface of the film body,

wherein the moisture-proof part includes

a first layer made of a silicon oxycarbonitride compound containing carbon atoms in a composition thereof, and
a second layer made of a silicon oxynitride compound which, in a composition thereof, contains carbon atoms
less than those of the first layer or does not contain carbon atoms, and having a density higher than that of the
first layer,

the first and second layers are stacked adjoining each other, and

the first layer has a density increasing toward the second layer.

2. The moisture-proof film of claim 1, wherein
the composition of the first layer is represented by SIONC, and

the composition of the second layer is represented by SiON.

3. The moisture-proof film of claim 1 or 2, wherein
the moisture-proof part is formed by alternately stacking the first and second layers.

4. The moisture-proof film of any one of claims 1-3, wherein
the second layer defines an outermost surface of the moisture-proof part on a side closer to the film body.

5. The moisture-proof film of any one of claims 1-4, wherein
the second layer defines an outermost surface of the moisture-proof part on a side opposite to the film body.

10
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The moisture-proof film of any one of claims 1-5, wherein
the moisture-proof part has a thickness of 1-50 pm.

The moisture-proof film of any one of claims 1-6, wherein
the first layer has a thickness of 0.5-50 pm.

The moisture-proof film of any one of claims 1-7, wherein
the second layer has a thickness of 10-500 nm.

The moisture-proof film of any one of claims 1-8, wherein
the first layer has a carbon content of 1-30 mol% measured by electron spectroscopy.

The moisture-proof film of any one of claims 1-9, wherein
the second layer has a carbon content of 0-1 mol% measured by electron spectroscopy.

The moisture-proof film of any one of claims 1-10, wherein
the first layer has a density distribution falling within a range of 2.3-3.0 g/cm3.

The moisture-proof film of any one of claims 1-11, wherein
the second layer has a density of 2.8-3.1 g/cm3.

An organic electronic device, comprising:

the moisture-proof film of any one of claims 1-12; and
an organic layer provided on the moisture-proof part of the moisture-proof film and provided so as to be sand-
wiched between two electrodes.

An organic electroluminescence device, wherein
the organic layer of the organic electronic device of claim 13 is an organic electroluminescence layer.

A method for manufacturing a moisture-proof film including a film body and a moisture-proof part formed on a surface
of the film body, the moisture-proof part having a first layer made of a silicon oxycarbonitride compound containing
carbon atoms in a composition thereof, and a second layer made of a silicon oxynitride compound which, in a
composition thereof, contains carbon atoms less than those of the first layer or does not contain carbon atoms and
having a density higher than that of the first layer, the method comprising the steps of:

forming the first layer by using plasma chemical vapor deposition; and

forming the second layer by using sputtering,

wherein, in the forming the first layer, plasma irradiation intensity is stepwisely changed for forming part of the
first layer closer to the second layer, thereby forming the first layer such that a density of the first layer is
increased toward the second layer.

11
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